T
he unsustainability of healthcare expenditures in the United States is widely understood, as they now represent 18% of the gross domestic product (GDP). Surgical care alone accounts for 7% of GDP, which puts a premium on strategies that can reduce costs in that arena. 1 All stakeholders, whether hospital, payer, or patients are now focusing on cost containment, quality improvement, and reducing length of stay for surgical patients. The natural extension of this is a shift in care from the inpatient setting to outpatient
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ACDF, anterior cervical discectomy and fusion; ASCs, ambulatory surgery centers; CA, cervical arthroplasty; ER, Emergency Room; GDP, gross domestic product; LLIF, lateral lumbar interbody fusion; MIS-TLIF, minimally invasive transforaminal and lateral lumbar interbody fusion; ODI, Oswestry Disability Index; PACU, PostAnesthesia Care Unit; PCF, posterior cervical foraminotomy.; TLIF, transforaminal interbody fusion and ambulatory surgery centers (ASCs). Due to advances in both surgery and anesthesiology, many operations are now possible in the outpatient setting. For spine surgery alone, annual cost savings of $140 million have been reported with the use of ASCs. 2 When considering the potential reductions in nosocomial risk, with their associated costs, the potential efficiency of outpatient surgery is even greater. 1 However, the potential cost savings from outpatient operations are only meaningful if their safety profile is at least equivalent to that of inpatient care. An increased risk of perioperative morbidity or downstream complications or readmissions could erase any immediate financial gains. Studies have previously shown faster postoperative recovery and improved satisfaction with ASCs in general, 3 but investigations into the outpatient safety profiles of specific spine procedures have only emerged in recent years. Here, we systematically review clinical studies that report morbidity and outcomes data for cervical and lumbar surgeries performed in ASCs. We focus on anterior cervical discectomy and fusion (ACDF), posterior cervical foraminotomy (PCF), cervical arthroplasty (CA), lumbar microdiscectomy, lumbar laminectomy, and minimally invasive transforaminal and lateral lumbar interbody fusion (MIS-TLIF and LLIF, respectively), as these are prevalent and surgical spine procedures that are becoming more commonly performed in ASC settings. Here, we discuss the relative value of performing these procedures in an ASC.
METHODS
A systematic search of PubMed was conducted, using combinations of the following phrases: "outpatient," "ambulatory," or "ASC" with "anterior cervical discectomy fusion," "ACDF," "cervical arthroplasty," "lumbar," "microdiscectomy," "laminectomy," "transforaminal lumbar interbody fusion," "spine surgery," or "TLIF." No restrictions were placed on the year of publication or the age of patients/subjects. Study designs of all types-from case series to meta-analyses-were included, and any relevant references from reviews were also included. Studies utilizing clinical data as well as analyses of registries or administrative datasets were both included. This process yielded a total of 39 published studies. Table 1 lists the published studies to date on postoperative outcomes for outpatient ACDF. As with inpatient ACDF, the most common complications were dysphagia, pain, surgical site hematoma, surgical site infection, and nerve root injury. Incidence of hospital transfer averaged less than 2% with all-cause morbidity similar to that reported with inpatient ACDF. Complication rates ranged from 0% to 5.2%, while rates of hospital transfer ranged from 0% to 6% and rates of readmission ranged from 0% to 2.2%. No perioperative mortality was reported from surgical complications experienced at home following discharge after a period of ASC Post-Anesthesia Care Unit (PACU) observation. Postoperative satisfaction rates were 86% to 100%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The largest study using clinical data points, conducted by Adamson et al, 1 reviewed 1000 consecutive 1-and 2-level ACDFs at an ASC. Only 8 patients (0.8%) required hospital transfer, the 30-d hospital readmission rate was 2.2%, and there were no deaths. All-cause morbidity was equivalent between this cohort and an inpatient cohort that was tracked in parallel.
RESULTS

Anterior Cervical Discectomy and Fusion
A large study using the National Surgical Quality Improvement Program, which tracked 4759 outpatient ACDFs, reported a 1.5% complication rate. 8 This is in comparison to a rate of 3.9% for inpatient ACDFs. This reduced risk with the outpatient setting persisted after adjusting for baseline patient characteristics. The largest available study using an administrative claims database, conducted by Purger et al, 13 reported similar findings from 3135 outpatient ACDFs. In total, 5.4% presented to the Emergency Room (ER) within 1 mo, 1.6% were readmitted, and 0.2% required a reoperation; these rates were comparable in the inpatient setting. Overall charges were also found to be significantly lower for the outpatient ACDFs. In each of these large scale studies, no perioperative mortality was reported from complications arising after discharge from the ASC. Posterior Cervical Foraminotomy There were 3 studies that specifically examine outcomes for outpatient PCF, as seen in Table 2 . Holly et al 17 report a small case series of 16 patients in which the average blood loss was 35 mL and there were no complications. Branch et al 18 examined 424 outpatient PCFs and found a complication rate of only 2.2%; 98.2% of patients experienced symptom improvement. 18 McGirt et al 39 reported 28 consecutive patients undergoing endoscopic foraminotomy in an ASC and reported no hospital transfers, readmissions, or surgical morbidity with significant reductions in arm pain VAS, neck pain VAS, neck disability index scores, and quality of life (EQ-5D). No patients in either study were reported to have irreparable neurological injury from complications experienced after discharge from the ASC.
Cervical Arthroplasty
There are also 2 studies that report outcomes for outpatient CA, as seen in Table 3 . Wohns et al 19 showed that there were no perioperative complications, postoperative ER visits, or hospitalizations after 26 outpatient CAs, and every patient experienced symptomatic improvement. The cost of outpatient CA was found to be 62% less than that of single-level outpatient ACDF and 84% less than that of inpatient CA. Chin et al 20 compared 55 outpatient CAs with 55 ACDFs and found an equivalent dysphagia rate of 10.9% but no serious complications such as hematoma formation or severe pain. Similar to ACDF, no perioperative mortality was reported.
Lumbar Laminectomy and Discectomy
Multiple authors have demonstrated the safety of microdiscectomy on an outpatient basis, as seen in Table 4 . Studies of large series of patients undergoing ambulatory lumbar discectomy or laminectomy have complication rates that range from 0.4% to 3.3% with subsequent postoperative rates of hospital admission ranging from 0.5% to 6%. [21] [22] [23] [24] [25] [26] As with inpatient lumbar laminectomy, postoperative hematoma, durotomy, and wound infection account for the vast majority of complications described in these series. More minor complications such as urinary retention and inadequate pain control are commonly described reasons for hospital admission after outpatient lumbar decompression but were reported with minimal frequency after outpatient discectomy. The largest prospective study of outpatient lumbar surgery to date was published by Helseth et al 26 and includes 1073 lumbar procedures. The authors describe a complication rate of 3.9% with durotomy (1.3%), deep infection (1.2%), and hematoma (0.7%) being the most common. The rate of readmission to the hospital within 90 d was 1.7%.
The majority of studies published include patients below the age of 65 yr. However, Best and Sasso 25 published their experience with 243 outpatient lumbar decompressions in patients with an average age of 73, including 35 patients older than 80 yr. They reported a complication rate of 2.5% with 1 durotomy, 3 wound infections, and 2 cases of urinary retention. In this series, 4.1% of patients required perioperative hospital admission. Just as elderly patients represent increased risk in any operative setting, so too are patients undergoing revision surgery. Fallah et al 40 reported on 406 patients who underwent outpatient discectomy, including 62 revision cases. The complication rate in the revision cohort was 21% compared with 4.3% in the primary cohort. However, the vast majority of complications were related to durotomy and persistent radiculopathy that most often did not require hospital admission. Only 6.4% of revision discectomies required hospital admission, compared to 4.3% of primary discectomies in the ASC setting.
While many studies have focused on the safety profile of outpatient lumbar decompression, some have also examined efficacy. The largest retrospective cohort of outpatient discectomy (1322 cases) demonstrated a mean reduction in VAS scores of 6.6, with 81.6% patients stating that they would choose to undergo the procedure again if needed. 21 Asch et al 27 prospectively studied the success of outpatient microdiscectomy and also found that over 80% of patients without Workers' Compensation claims met the threshold for success based on Oswestry Disability Index (ODI) and VAS scores for leg and back pain. 27 Table 5 lists studies that describe outcomes for outpatient lumbar fusion. Emami et al 28 retrospectively compared 64 inpatient and 32 outpatient 1-and 2-level MIS-TLIF. They reported similar levels of improvement in ODI and pain scores, similar perioperative readmission rates (3.1% outpatient, 4.7% inpatient), and similar rates of the need for future reoperation (9.4% outpatient and 14% inpatient). Pourtaheri et al 29 analyzed 35 outpatient MIS-TLIF patients and found a similar complication rate of 9%, with no one requiring hospital admission. 29 Wade et al 30 reported a series of 200 patients in which only 1 patient had intraoperative durotomy, and all patients were discharged within 6 h of surgery. One study did describe a 14% complications rate for 27 outpatient TLIF patients; however, this was not found to be significantly higher than in the 25 inpatients reported by the same author. 31 More recently, a few groups have also described their experiences with lateral interbody fusions using real-time directional EMG in the outpatient setting. Smith et al 32 reported an unplanned hospitalization rate of 3.7% for 54 lateral fusion cases done at an ASC, some of which were multilevel. Most common reasons for admission were urinary retention and pain control. Chin et al 33 also published a series of 30 1-level lateral interbody fusions in which 7% complained of postoperative numbness in the L4-5 distribution; however, no perioperative morbidity was reported. Patients reported an average VAS back improvement of 3.2 points, similar to inpatient reports. For both MIS-LIF and lateral interbody fusion, no mortality or complications that could have been prevented in an in-patient setting were reported after discharge home from an ASC.
Lumbar Fusion
Regardless of whether cervical or lumbar ASC case series, all authors highlight that anesthesia and postoperative analgesia are critical aspects of successful ASC procedures. Multimodal pain control has dramatically changed the perioperative care of patients undergoing orthopedic and spine surgery and has potential to enhance outcomes in the ambulatory setting. Multimodal analgesia has been shown to significantly impact use of postsurgical narcotics and positively impact length of stay after spine surgery [41] [42] [43] with obvious implications for ASC spine surgery, minimizing the risk of hospital transfer or readmission for perioperative pain control.
DISCUSSION
In this current era of rapid healthcare reform, value has become an organizing principle. All stakeholders are seeking means to reduce costs while maintaining or improving quality. Outpatient operations, and ASCs in particular, represent an attractive avenue for achieving this in the world of surgical care. ASCs are known to achieve efficiencies of cost through specialization of care, smaller size, and the ability to rapidly engage in perioperative process improvement. Recent literature has borne this out; for example, 1 group studied over 40 000 outpatient lumbar discectomies using state-run databases and found that outpatient facility charges were less than 50% of inpatient charges. 34 Similar savings have also been described with outpatient lumbar discectomy in the French healthcare system. 35 Not surprisingly, the financial gains are also evident with cervical spine surgery-overall charges for ambulatory ACDF have been found to be less than half that of inpatient ACDF. 13 Of course, cost is only one piece of the puzzle. It is the denominator in the value equation (value = quality/cost), and so quality must either be preserved or advanced to definitively increase patient-centered value of spine care. The most fundamental component of quality, particular in the surgical realm, is safety. The crucial question before us, then, is whether ambulatory spine surgery is as safe as in the inpatient hospital setting. With certain caveats, the answer appears to be yes.
Numerous studies have now shown the complication rates, hospital transfer rates, and readmission rates for outpatient lumbar decompression surgeries are equivalent if not superior to that of inpatient procedures. Although the evidence base is much smaller, fusion surgeries such as MIS-TLIF and LLIF also appear to have favorable safety profiles in the outpatient setting. It is important to note that while a few of the available studies ensured that patients in outpatient and inpatient cohorts had similar risk profiles before comparing outcomes, many did not. Quite a few groups, of which Bekelis et al 34 is one, naturally biased their outpatient cohorts towards younger, healthier, male patients. As hospitals and providers look to initiate outpatient efforts for lumbar spine surgery, it would therefore be prudent to begin by selecting medically optimized patients, less complex pathology and focusing on procedures with fewer involved levels. Patient centered outcomes over time are also a critical aspect of the value equation. The literature in general supports that performing the above-described surgeries in an ASC does not compromise outcomes. [21] [22] [23] [24] [25] [26] In addition, patient satisfaction is typically high after the ASC experience. 38 Interestingly, at the time of this review, a general shift to outpatient care is already underway for limited decompressive procedures such as lumbar microdiscectomies and tubular laminectomies. Between 2003 and 2014, the proportion of lumbar microdiscectomies performed in the outpatient hospital setting increased from 18.7% to 68.5%, whereas it increased from 0.7% to 10.6% for ASCs. 36 The number of outpatient lumbar disc procedures increased 540% and the number of outpatient lumbar stenosis procedures increased 926% from 1994 to 2006. Even lumbar fusions have increased from just 5% of outpatient spine procedures to 17% in that same timeframe. 37 With over 10 000 1-and 2-level outpatient lumbar decompression surgeries now reported in the literature, evidence is conclusive that ASCs reduce cost without compromising safety or effectiveness of care in patients without high risk comorbidities.
PCFs have similarly seen a shift to the outpatient setting. In 2003, these cases were almost never done as an outpatient, but as of 2014 some 47% of them are being performed in that manner. Nearly a quarter are being done in stand-alone ASCs. 36 The 5 studies reviewed here all demonstrate cervical foraminotomy and CA to be safe in ASCs, and this along with the less invasive nature of these procedures may explain the ongoing trend towards outpatient care. Such a shift cannot be attributed to ACDF; however. ACDF utilization increased 206% from 1996 to 2005 among Medicare patients, and it has become the lynchpin treatment for many cervical degenerative diseases due to its reliability and relatively low risk.
1 Despite significant advances in surgical technique and implants, ACDF has not transitioned to the outpatient setting as quickly as other surgeries. This may reflect reimbursement patterns in the United States where until 2016, Centers for Medicare and Medicaid Services did not reimburse for ASC ACDF for Medicare recipients. Other possibilities limiting adoption may be concerns regarding the risks of anterior cervical surgery such as neck hematomas and airway compromise that can have lethal consequences in an unmonitored setting at home. Our review of the evidence to date suggests that ASCs closely monitoring patients for at least 4 h after ACDF will identify these rare but serious complications. Similar to the importance of multimodal perioperative analgesia, sufficient observation in the ASC PACU period is critical to maintaining safety.
Nearly 20 studies have been conducted regarding the complication rates for outpatient ACDF, and the results are equivalent if not superior to that of inpatient ACDF. Easily treatable issues such as pain and dysphagia were the most common complications, and serious morbidities such as expanding neck hematomas and airway compromise were quite rare and identified prior to ASC discharge. It should be mentioned that some of these large studies were based on administrative claims databases. While they can often suffer from coding errors and omit certain clinical details, they are quite sensitive with regard to capturing adverse events such as readmissions and surgical reoperation by virtue of upcharges in claims.
There are multiple studies that provide insight into the effectiveness of care via patient reported outcomes after outpatient spine surgery. Nearly all groups who examined postoperative improvements in ODI and VAS back and leg pain scores after outpatient lumbar surgery found them to be similar to that of inpatient procedures. Moreover, a qualitative study by Hersht et al 38 revealed that most patients undergoing outpatient surgery have high satisfaction rates and actually appreciate the benefits of increasing efficiency through ASCs. In fact, in our review of the literature, we did not encounter any studies that suggested ASCs negatively impact the efficacy of these surgical procedures.
CONCLUSION
In reviewing the available literature to date, there is ample level 3 (retrospective comparisons) and level 4 (case series) evidence to support both the safety and effectiveness of outpatient cervical and lumbar surgery. One should note, however, that these studies do exhibit unaddressed confounder bias and sampling bias. While no level 1 or 2 (randomized clinical trials) evidence currently exists, the plethora of real-world clinical data creates a formidable argument for serious investments in ASCs for multiple spine procedures. Lumbar discectomies and posterior cervical foraminotomies are already being performed on an outpatient basis in large numbers, and the literature supports a need for a similar transition for ACDF. As surgical technologies and perioperative analgesia continues to advance, evidence suggests that MIS-TLIF and LLIF can also transition to ASCs for select patients. While further studies are needed to understand how best to select optimal patients for ASCs and maximize perioperative analgesia, the fact remains that the evidence for the safety and utility of multiple outpatient spine procedures is robust and growing. In light of this, providers, payers, hospitals, and patients all stand to benefit if greater investments are made in ASCs for spine surgery.
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